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Abstract 

This  report  reviews  the  program  of  work  performed  under 
Grant  AFOSR-80-0214  sponsored  by  the  United  States  Air  Force 
Office  of  Scientific  Research  through  the  European  Office  of 
Aerospace  Research  and  Development  (EOARD)  during  the  period 
1  July  1980  to  30  June  1981.  This  period  of  the  research 
program  was  devoted  to  solving  problems  of  the  inelastic  re¬ 
sponse  of  composite  elements  under  dynamic  loading,  examining 
wave  propagation  in  rate  dependent  inelastic  media,  and  study¬ 
ing  the  creep  response  of  metals.  The  reference  material  repre¬ 
sentation  was  taken  to  be  the  constitutive  equations  of 
Bodner-Partom  for  elastic-viscoplastic  work-hardening  materials. 
In  particular,  a  theory  for  the  dynamic  behavior  of  laminated 
slabs  of  elastic-viscoplastic  materials  has  been  developed. 

In  addition,  the  constitutive  equations  were  shown  to  provide 
realistic  characterization  of  the  time  dependent  inelastic 
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Further  work  on  the  damage  problem  under  the  AFOSR  research 
program  is  being  directed  at  consideration  of  anisotropic  damage 
development  and  its  incorporation  into  a  general  anisotropic 
formulation  of  the  constitutive  equations. 

An  extension  of  the  constitutive  equations  to  include  ani¬ 
sotropic  work-hardening  had  been  developed  by  Stouffer  and  Bodner 
in  1979.  That  theory  has  recently  been  critically  reviewed  by 
those  authors  who  have  found  that  it  is  consistent  and  leads  to 
stress  and  strain  fields  that  are  essentially  correct,  but  that 
it  requires  modification  to  enforce  tho  condition  of  zero  volume 
change  due  to  plastic  deformation.  The  resulting  general  theory, 
[Related  Public.  No. 7] ,  is  capable  of  including  anisotropic  work¬ 
hardening,  anisotropic  damage,  and  pressure  dependence  of  plastic 
flow  in  conjunction  with  plastic  incompressibility.  It  could, 
therefore,  serve  as  a  basis  for  material  characterization  in 
problems  that  involve  those  effects.  Some  new  experimental  work 
to  examine  the  anisotropic  work-hardening  theory  has  recently 
been  carried  out  at  the  Technion,  and  the  preliminary  results 
tend  to  agree  with  predictions  based  on  the  theory. 

At  the  other  extreme  of  the  loading  spectrum,  i.e.  dynamic 
and  impact  loading,  the  constitutive  equations  have  been  used 
as  the  material  characterization  in  e,n  investigation  of  wave 
propagation  in  bars.  This  much  studied  subject  still  has  a  number 
of  unresolved  points  which  have  led  to  some  controversy  since 
certain  response  characteristics  are  sensitive  to  the  details 
of  the  material  characterization  while  others  are  insensitive 
to  gross  variations  of  the  modeling. 
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The  other  principal  activity  of  the  research  program  has  been 
the  step  by  step  formulation  of  a  theory  for  the  mechanical  be¬ 
havior  of  composite  structural  elements  formed  of  elastic-visco- 
plastic  ^ork-hardening  constituents.  Although  there  have  been 
a  large  number  of  investigations  on  the  response  of  laminated  and 
fiber  reinforced  elastic  elements  to  loading,  almost  no  work 
seems  to  have  been  done  on  the  properties  of  composites  in  the 
time  dependent  inelastic  range,  in  the  present  research  program, 
an  effective  stiffness  theory  was  developed  for  a  laminated  slab 
consisting  of  bonded  alternite  layers  of  two  different  elastic- 
viscoplastic  materials.  Each  constituent  was  modeled  by  the 
Bodner-Partom  constitutive  equations  using  the  appropriate  con¬ 
stants  for  the  material.  Details  of  microstructural  interactions 
between  the  layers  were  considered  to  first  order  terms  in  the 
formulation,  which  led  to  a  set  of  equations  and  boundary  and 
initial  conditions  for  the  determination  of  the  response  of  the 
laminated  slab  to  dynamic  loading  [Public.  No.l] .  A  further  ex¬ 
tension  of  the  work  to  include  a  higher  degree  of  accuracy  of 
the  microstructural  effects  is  reported  in  Publication  No. 2. 

Fiber  reinforced  metal  matrix  composites  are  also  of  consider¬ 
able  practical  interest,  and  a  wording  theory  of  the  inelastic 
behavior  of  such  composites  would  be  very  useful.  A  first  step 
in  the  formulation  of  such  a  theory  is  given  in  Public.  No. 5, 
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3.  "Steady  and  Transient  Creep  Behavior  Baaed  on  Unified 

Constitutive  Equations" ,  A. M. Merger,  ASME  Journal  of 
Engineering  Materials  and  Technology  (submitted  for 
publication) . 

Abstract  -  A  set  of  constitutive  equations,  which  has  been  used 
to  describe  a  variety  of  quasi-static  and  dynamic  viscoplastic 
phenomena,  is  applied  to  creep  problems.  Simulations  of  steady 
and  transient  creep  at  constant  stress  are  obtained  which  compare 
well  with  experimental  results  both  qualitatively  and  quantita¬ 
tively.  Simulations  of  creep  resulting  from  rapid  changes  in 
the  applied  stress  also  compare  well  with  observations.  The 
constitutive  equations  can  be  used  to  describe  logarithmic  creep. 
These  latter  predictions  are  compatible  with  experimental  re¬ 
sults  in  considerable  detail. 

4.  "Stress  Wave  Propagation  in  Bars  of  Elastic-Visco¬ 

plastic  Material,"  S.R.Bodner  and  J.Aboudi,(to  be 
presented  at  the  1981  Conference  of  the  Society  of 
Engineering  Science  and  to  be  submitted  for 
publication) . 

Abstract  -  A  number  of  uniaxial  stress  wave  propagation  problems 
are  solved  based  on  the  unified,  multi-dimensional,  elastic- 
viscoplastic  constitutive  equations  of  Bodner-Partoir  and  a  finite 
difference  numerical  procedure.  Solutions  are  obtained  for 
cases  of  a  velocity  imposed  for  a  time  period  or  indefinitely 
at  the  end  of  semi- inf ini te  and  finite  bars  and  for  the  con¬ 
dition  of  a  high  velocity  superimposed  on  an  applied  low  veloc¬ 
ity  after  a  time  interval.  Work-hardening  is  taken  to  be  isotropic 
for  stress  of  constant  sign,  while  an  isochoric,  anisotropic 
work-hardening  formulation  is  employed  for  problems  involving 
stresses  of  reversed  sign  due  to  unloading  or  reflections.  The 
numerical  results  are  compared  to  experimental  data  and  to  the 
predictions  of  the  more  classical  plasticity  theories. 
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5.  "Generalized  Effective  Stiffness  Theory  for  the 

Modeling  of  Fiber-Reinforced  Composites,"  J.Aboudi, 
International  Journal  of  Solids  and  Structures  (in  press) . 

Abstract  -  Effective  stiffness  theory  of  the  N-th  order  is  de¬ 
rived  for  the  modeling  of  the  three-dimensional  time -dependent 
motion  of  a  fiber-reinforced  composite.  The  fibers  are  assumed 
to  be  of  a  rectangular  cross  section  and  are  imbedded  in  the  matrix 
in  the  form  of  a  doubly  periodic  array.  The  resulting  theory  re¬ 
presents  the  composite  as  a  higher  order  homogenous  continuum 
with  microstructure  whose  motion  is  governed  by  higher  order  dis¬ 
placements.  The  derivation  is  systematic  and  can  be  applied  to 
elastic  as  well  as  anelastic  composites  to  the  desired  degree  of 
accuracy. 
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